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NEUTRON SPECmCMi^eTeft, REAL-TIME DOSIMETER AND 
METHdDOLOSy USfNQ TmEE-SfWiENSIDNAL OPTrCAL MEMOHV 

The inv«^tbn hirein descirtbect rslittis general^ to radtation liosiitietry 
and, more partlcujariy, to a neutron dosimetffir and aseociatsd dosimfltry 
meitiiod that dlows preeiss neutron dose mesmtteinems. Th» invjsivi&n aito 
has appUcstltm to trthar types of htih linear enerfy tn^ifer tUEf) radiate 

5 su0h m protons, heavy iena, etc. and to mterodoaimetry, aid va^iei»i$ 
ipparetuB are di«ploeed. 

The ff action of radiatton doae from neutrona reoelved by radlalfon 
wofkem is increasing as « resuit of growtti in the nuclear power industry, the 
developrmnt of nuclear raactor tBchnotogy, and the potentiai use of neutrons 

lo for radiotharapy. Unfortunate, neutron dosimetry has been a difflouit 
problem due to low neutron sensitivity and energy d^imdence of es^ng 
dosimetry methods. Prior art neutron dosimstry methods include 
thermolumlnesosnee dosimetry {tW), solid trade detector nnethods using, for 
example, eleetroehemkatly etched Cft-St foil or NTA film, ahd fluid track 

fs detector methods using, for example, superheated biAbie detectors (SSD)^, 
The foregoing methods may not have thre eneriy response and 
sensitivity neoeseary to meet the more eitactlng needs of neutron dCHsimetr y. 
TUD suffers from high energy depemlenc^, whfch may result In m error of as 
much ss a factor of ten or nmre if the neutron ertsrgy spectrum is not known* 

20 NTA films hsve response functions that may cause even greater errors for 
many operstional siturtlorss. Ma|or un addressed problems with CR-39 are the 
feck of sesisttivlty st tow ositron enerflleSf enwgy cl«p®nd#nc® and poor 
sensitivity St high gnerglea. Th® more r««ntly devaSoped syperteted drop 
detector has been .shown suffer from seriotMi drewbaelc^ including a 
fourfold redkietion .In tiw energy response at energies from 0.144 MeV to 5 
MeV. 

Other imitt^H (?fr/ n',t' have been proposed rely or? 

BlMtrfc8i {«c*pe'-''/ >Jii^c^^ ^rx^- '%hl,h arise m dynamic 

r&i;'f " - ( fe-s !>'-^ < jf M I nri.c, I r "^r^rit.. - i *t ^ha ged particles, 
30 pa-.*^ ' >-i'f--* % fsptips- V *'Eir«te% a sonwerter Is 

m%d t:s -! i>cr, f iih t.'^s ff A^u , «'rf» ;s pa-'^ns ©r sipht partlotes. 
AceordlnglY, th@ ovsrai! perforiTiancie of the neulror^ dosimeter is at ieaat in 
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part depandsnt on tije psfforrmirice of tfis cpnfv©rt»r which may bt> « foil layer 
applletj to the PRAM. MpreovcMr, s neutrprs/aiphe converter has the 
disBdvsntagis of incneasihg tht ^os^mster size and comfiiieating the dose 
reading interpretation, in eddition to the need for a converter, the material of 

s the PflARfle is not tissue «n«valf nt and there mi remalna tile problein ©f 
enerfv dependence. 

Neutron doeinintry is rseognJzed as bmng a dtf^Qult jafotHsm IMm 
physios, Heoently there has been a raev^ustioii of Ihe bjologiesi hasa^ 
associated with neutron exposure and, consequently, thefe Is an urirent need 

10 for a neutron dosimetry method that provides praBiss neutron dose 

measurement over a rflange of neutron energi^. IMore partiouiarty, a 
need exists for a neuron dosimeter and dosimetry method that soivee the 
two major Mnsolved problems of neutrpn dosfmetry: {1) Inability to meaa^jre 
the neiFtron energy which results In errors in estlmsting the dose eqyivaisnt 

rs and {2) poor sen&iti\^y at high and low neutron energies. There m nmM n 
neutron dosimeter mat is sensitive at both high and low energies and is 
capahie of ^hsractsrlzing the exposure energy spectrum, ther^y to pemrit 
eQcurste nsytron dose measurfwnents. 

The present Invention satisfies the aforesaid need by taking an «ntlrsly 

ao new ipproaeh to neutron, and more generaily high LET rfidlatlon, :gio3lme|i'y ' 
that is eharseterized by the use of an optical memory device somposad of a 
volume of material containing a photoactive substance wherein an energy 
induced iNree^lmensia«|sl inhomogeneity pattern may be prodyced m^lm 
titeteoted optioally as by usa of directed elactromagnetici radiation. Mora 

25 particularly, the invention uses a two photon based, thfee-dimensional optioal 
random access memory f3-P ORAfk^} that heriMofore has been proposed as a 
memory device fOr computers wherein m^sive quantities, aueh ss many 
gigabytes, of data is to be stored. The 3-D ORAM is a volume, typically a 
cube, of transparent ptdymer doped with a Iqyht sensitive chemicat that can 

30 he written and nad using two laaer beams that simultaneously strike the 
material to atasr at their intersection an opttcal charactedstic of the material. 

Acceding to the snvcnti^, a dosimatry method qompHses i^e atspe of 
storing information in a three dimensional optical memory element, then 
exposing the optical memory element to neutron or other high LET radiation 



wommm ^ wcxnmmsm 

td sft&r tie informstioi] storfx^ in the optical memory olemant m « funstbn of 
1^ rsdiation to which the op^t mamory siement Is expslvd, mi then 
retrieving the altered Intormatie^i frem the pptieel memory eiement f of 
subsequent analysis* More partleularly, certain information is written on the 
optfeisl memory etefiient, which information becomes riteredl by oaqsosura to 
the radiation. The aSwe«f feiformation is later re»d from tiw opricai mewiory 
and snalyied to prowkle a maaeure of both the radisiion dose end enesfRf. 

In a prslef red embodiment, the optical memory device la a 3-D imAU 
comprising a volume of a transparent polymer doped with a light sensMivs 
Ghemtcal and, in particutar, splrobenzopwfin. Bliiary information is stmid itt 
the OBAM by exdtation of the photochronic chemical dopant molflbuie to a 
higher energy state using lasiw light. When the molecule absorbe 
^muitaneouslv two photons, an opiicai eharactertstic dii^'eof, ayeh as color, 
changes end records a bit. 

mmi neutron radiaition interacts with the hydrogen and embm 
composing the OBAM material, it wiR create energetic heavy ions. Those 
heavy ions will cause a local energy deposition and the resultant localized 
temperature Increase will oaus© the excited or "wntten" meleeuf® ©r 
molecules In the vtertity te rsvc-n: tc* their lower eneiiy ©r "unwritten ■stote". 
b computer memory terminotogy, the interaction with neutron radJa^on wUI 
cause en error or errors to occur In the fiprm of a bil: flip or flips, i.e., a ehsnge 
from a written binary "1" state to art unwritten "0" state. The number of 
"en'ors" or *bit IBps" will be fslated to the neutron dose, and therefore the 
dose can be calculated. The local energy deposition wli also occur from 
Interaodon with jothar types of high UT radiation such as proton and heavy 
\m radlaion^ 

In addition, the energy of the absorbed rsdiation way be determified 
from the spatial distribution of die bit fUps in that neutrons lor other high LET 
pariictesl of different eitergles will tM-oduce different track structures In the 
ORAM. An energy meauirernent can be made by relating the radiatbn 
energy spectrum to the track strycturs produced by the ^teractions yirith the 
hydroger} and carbon atmns composing the ORAM. Once the energy is 
known, energy dependent quality factt^^s sm be applied to provide dose 
ecMvatent. 



The present InvemkMi enables a eensitivlty many orders of magnKude 
greiter than the SBneltfVlty if forded by existing neutron dosimetry methods st 
both hi9h and low energies. Thie arises from the high storage and Interaction 
deneity of ORAM which is 10" bits/cm*, PwriHeniwir©, eonventi(}n^ qi^AIUIs 
5 useful in israeticmg th« Invention are eortposed of hydfogen end sarbon 
atoms. Thie provides tiaeue aqiwalem» while m tie same time ^iitiMng 
the need for, end the dre^Mbaeks associated with, m s»ternel alpha or pmon 
radiator that heretofore was atTipiDyed In neutron dcMStnatry. The present 
invemion also Is useful in praoticbrag microdosimetry. 
10 Aeeording to another aspect of the invention, there is provided a high 

LET doeimetar comprising a dosimeter element and a holder for sajd 
dosimeter element. The dosimeter element is jfbrmed by an Optical memory 
device and the holder irjcludes means iswhereby the holder may be worn by a 
person whose radiation dose exposure is to be monitored. In a preferred 
IS embodiment the dosimeter element is removable from the holder so that It 
may be ''read" in a reader Intended for this purpose. 

According to yet another aspect of the invention, there is provided a 
d^metry reader comprisirtg means for removabiy receiving an epties! 
memory element that has been estposed to high LET radiation, maana for 
40 rptrleving Information from tha optical memory element and means for 
analyzins the information retrieved from the optical memory olemsnt to 
provide a measure of radiation dose artd/or neutron energy. 

Aceordini to a further aspaot of the invention, there Is pwidsd a 
dosimeter s^em comprising a dosimeter Ineluding an optical tnemory device 
28 for exposure to radiation, a reader for retrieving infofmatlon from the optical 
memory device after expo^re to radiation, sfid meara for anslys^ the 
rs^eved inf«mmtloti to provide a measure of radiation dose and/or energy. 

Aoeo.iicfog to still another a^>eet of the invention, there is provided s 
method for monltprfng ionizing radiation eKposure comprising the steps of 
.30 Etorins information In a ihtm dimenslonai sptieal memory elament, th®n 
tocpostng the optical memory etement to ionizing r rfsion to elter the 
triformstlon stored ir» the iopticai memory efement as a fyncilon of th© 
radiation to wWc^J the optical memory .element is expesed, retrieving tha 
altered Inform^on from the optical rt^emory eteTOot, .and analy^mg tiie 



smted Inlormatten retfieved from iiie optical memory elemont to extract 
radisSton ajqposurB ntormation tharofreim, 

Aceofding to yet snisthftr sepect of th« invwttton, there is provi«teS 8 
method of p^rfermlng mierodosimetry eomprislng lth# steps of storlns 
Information in n three cHmensIoruit optioal meimiry stewmt. tisen expoaing the 
optieat memory etement to radistian to alter ttie mtfrnsmn mtM at d 
Jrfuralrty of memory locations in the 0pti«ai mimory etement through keai 
Interaction with the radtetion to which the optteal memory element is 
exposed, and retrieving the altered information from the opticaf memory 
element by reading the memory beations to determine the localion of the 
memory locations that have been altered through loeel intereetion with the 
radiation thereby to obtain s measure of the spatial dis^lbution of radiation 
dose vvithin the optiesd memory element. 

The invention herein described also proves a epeeirometer for 
monitoring neutron and other types of radiation, an electronic doeimeter lor 
providing real time monitoring of radiation eiqiosure, and aeapcietad 
methodologies, afi based art an optleal memory unit eensitive to the fsdl«lion 
being monitored. PmimM embodimente of th« speistr^mater 9md dowmeter 
m chsraeterised a three dimensional ©ptlsal sisemsrif etement having a 
ptyrslHy of memory locatbne that may b© writiers from g first energy state to 
a :eeoond energy state, and which memorv Imsnms bemm^ ater@d by 
rmwsm-, fmm their eeoond energy ..state to tiwir first energy mm througfi 
^Q^j^i'zri K >jractlons between incident r^dietion and molecules corapesing th® 
0ptical memory element; means for reading the optical memory element to 
retrieve therefrom Information aitersd through InteFacSlan with Inddent 
radiation; means for analyzing the altered informstion retrieved fram tiie 
optica! memory element to extract radietioii dose informatlDii th@r9f rom^ and 
msena for displaying the dose tnfotmation extracted from the optieisl meraory 
«!©ment. The fneans for analyzing prefe.K^Iy ftciudes .a newst network 
computer i^sreftys for determining the radiation energy m a funcli@n M th@ 
spetial dlsrtrilbution of the mernory locations there have reverted to their first 
energy state. 

The invention also provides a high LET radiation doslf»try method 
comprising the steps of storing informatlOTi In a three dimen^ons! spHeal 



mwnory slsmimt Nnring a pSurafity of jroimorv lociations by exciting the 
memory ioosttons frmn a finrt energy slate m a secoruf energy ®iaii3; 
expo^ the optical memory etoment to Nnh UT nHiiition to a^r Hie 
iriformgtion stored In the opticai memorv element at a furietion of the 
radletten to wWeh the optieal memory edemenl ie eacposed, the siieited 
immory ioestioira reueriini from their seeond eneriy mm to Iheir first 
energy etate through loeaNzed irtrfeeraetloiiB between the radiasilon and 
moieouias compoeins the optical memory alimant; retrieving the t^tered 
Jnformetion from the optioil menriory element for subeecpant analysis by 
reading the memory iocatione to ileteritiins the spatial tHatribution of the 
memory bcatione ttiat have reverted to their first energy state; anatyzmg the 
altered information retrieved from the optical memory element to eKtracit 
radiation dose InformBiion therefrom, said analyzing step including uaing a 
neural network computer spparatus for detemtining li»e radiation energy as a 
f uootisn of the spatial distribution of the memory locations that have nwerted 
te their first energy etate. Usually, ithe analyzing step further inctudee 
determining the radiation do&e as a function of the number of the tn«mory 
locations that have reverted to their first energy level. 

The foregoing and other features are hereinafter deaca-ibed and 
pertieuisriy pointed out in the claims, the foiiowing description and the 
anneited dravvlngs setting forth in detail illu$trat«ve embodlmeme of the 
irtvemlori, thm® Nlng indicative, however, of but a few of the vsirwus waye 
In which prinelpbs of the inverition may be employed- 

Fig. 1 ffrom Parthenopoutos and Hentzepie, ^isssm, Vol. 24S, S43 
0989}) is an energy level digram of the "write" and "read" forms of *e 
8;»robenzdpyran molecule in e polymer matrix. 

Fig. 2 {from Stain, M&» M»reh t&92, 168) is diagram showing a 3-D 
ORAM based on a two-photcm process using two orthogonal laaer beams. 

Fig. 3 1^ E dlagrammstk illustratbn of a neutron doe imetry system 
sceording tc the present invsntkm. 

Fig. 4 is a dlagranroatic iHus^etion of a neutron doslmetM aetsoreflng to 
tine invention. 



Figs. 5 and 6 ffrom Boileh at nl, Hea^^h Phy^\^f. Vo|, 53, .241 , 24S-246 
nSS7)J sfs mumaitims raspactlvefy showing almuiatad track stfuetures 
producad by a $00 keV raeoil proton and an 80 kaV recpfl C bn in giHi. 

Fig. 7 Is 8 ratiresentatbfi of a nawal netweH-k useful m sarrying out 1N1 
present invention. 

Fig. 8 is a dia^ranwriatii: Wysu-ation of a nautron spaetroraetor 
aeeordinsi to the present irtvaritlan. 

FI9. 9 is a dIagranrHnatie IlivsUation of a raal time eieotr^nie eTpmnifter 
according to the present inverttion. 

The nautron doelmatry method of tSie invamion usea ss a dosimeter an 
opticar meraorv element composed of a volume of materiai containing a 
photoactive aub&tanca wherein an anesiy induced threa-dimensbnal 
Inhomogeneity pattern rrtay be produced and/or detected optically as by uae 
of directed electromagnetic radiation. The method genaratty comprises the 
steps of storing information in a three dimensional opticai memory eiemem, 
then exposing the optica! memory element 1» neutron radiation to alter the 
information stored in the optical memory element as a function of neutron 
radiation to which tiie optical memory element is exposed, then r«trieving 
the altered Information from the optical fnemory alement for aubaequent 
snalysiE. The steps are more luHy described b»iow as are details of a 
preferred optical memory efement, devioes and system useful in praotieing the 
method. 

A preferred optkssi memory element usefai 1 nautron dosimetar is a 
three dimensional optical random access tmmuTf 13-D ORAM} of th® type 
previously proposed for use as a memory storegs device In computers. A 
knovwi.a-P ORAM Is composed of a transparant polymer deped with u Sgh* 
sensitive chemleal called apirobenzopyrao- The apirofeenzepyran motecutes 
embedded In the polymer matrix have two isometric fonms that elisng© from 
&m to the other in reiponsa te ^ntfqy level changes stimulated l^y 
eleotrsmagnatle enariv. 3-D O^fi/ 1 ^^lemenns composed iplrf^benso&yr-n 
embedded In a polymer mmm ri n„ obtained frewn the Ursiwfmcy ot 
CaSforrda, Mm, GaSlfomis, wl-ssc -'-s 3-D OWM weg <^ ^^npni m rwportfed 
in Parthenopoutos and Ptf 1 'z, ' ^i- *s 1 ^p^'nr^ '"">fi ftma^® 
Memory", Sfitosi, Vol, M5, 843-845 mBB). lim hplmb&mQpYmn 
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molecule and its major jwopertigMS sra deaarlbftd m Bartelson, Tachnjemea of 
ChemtgirVi P^^pc^nronilgm, Vol. 3, Wilay-lmerscSence, New York, 1S71, p, 
45. 

Vne storage and retrieval of meahingfui information in and frorn the 
!( ORAM may be effeeted by using a Hii-y^Q solid stale Ismt syatem t{» write 
md read ktf«»itmtion m « binary format provided by the two Mrat forms of 
^lr9i3)etizo|»yrfsi. the INd:YAfi iaser jprodueea both 632 nm and 1P&4 nm 
laser beams that are particuiBriy useful in writing and reading the Onm using 
two-photpn absorption. Two-photon absorption Is tits eiccltatiofii of a 
. 10 moiecuie to an etactronic state of hifher energy by the ainmltaneous 

absorption of two photons, and the physics thereof is further described In 
RM. Maefartone. J. ioimin. 38, 20 (1387). 

When th® splrobenzopyran motesule efosorbs simyltaneeusly two B32 
nm photons, It changes color md rscords a "bit". As fiiustrated Irs Fig, 1, the 

IB fsrst photon proviites sgxeitatiofii to an inteffnedfate virtual state and the 

second photon further eKcites the molecule to b stable ajccited slate. Since 
the ^rtual state is unstable, both photons must overiep In both space and 
time for a transition to occur. In binary bg!c, the form at the left may 
represent t "1 " and the form at the ^right may represent a "0". 

20 The read operation also relies on tht slmuHansous absQrpti0n 0I two 

photons, but the two photons are of longer wpvefangths. Two 1084 nm 
photons can be .used to simuttan^DuaEv ^xsita the splrajbeniopyrin molecutes. 
Only the molecules .that have besn wrrtten wilt absorb ths longer w.avelengths 
and emit f iuorflioence 'ftat may bm dmtmma mln^ a mmMm optical detector . 

26 arrev. 

inforriistlon may written and read at sdeeted tocetiona within ifie 
ORAM by using two mutuary orthogonal laser beams focussed to 
simultaneously excite an "addressed" moiecuie as depleted In Fig, 2. For 
writing a bit, two 532 nro beams are fommmi at the addressed location 
30 within the volume of the ORAM thereby exciting the moieeyle to its higher 
energy state, for reading a bit, two 10@4 nm beams are focussed atifie 
addressed loeatiori artd ^oraaeence is tpolte^ for to aee If the addressed bit 
had been written. ira«ng may be achieved by either Bght for erasing 
selected Mts or by temperature for bulk erasure. As will be appreciated from 
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the following descriptioTi, wasure is not necessary normally, for reuse, the 
entire OAAM Is wttmn m r«juvenist«ii the ORAM for reuse ais a neutron 
detector. Beam splitter aftii focusdlng optlee; may tm used to provide the tw«> 
lesw bBsm thst iimutteneotlsty strike the anil wise or nmi a bit at 
their Intersection, For wltini. It may prove to be preferaljle to use a wmk 
S32 mn beam and a s^ong tOS4 nm basm td mm a potentla! gmiiiHsatlan 
arising from tw©i3hiitim absorption being Induced by eaeh beam separately 
when two baams of eipal wavelerieth are used. 

For details of a system 1m writing ami raading ORAM, refisrenes may 
be had to Hunter ot al., "Potandala of Tvwt-Photon Based 3-P Optical 
IWamorifs for High Performance Computing", Applied OBtica. Vol 29, No. 14, 
10 May 1S90, which isiiereby incprporstpd herein by rafersnce. the prasent 
Invention may be practiced using any aimable hardware and associated 
software for ImplamentinjS the herdn deseribad write and read functions. 
Moreover, the ORAM wfte/nsad equifMinant may have integrated therein or 
may be interfaced to a computer, such as a conventional prop-animable 
mlcrscomputsr, that perftirms the hereinafter discussed data analysis and 
control functions. Fig. 3 shows a raprasantatiy^ system 10 Inetudlng an 
ORAM dosimeter reader 12 and cornputer 14. 

According to ths invention, an optica! memory elemsnt, such as the 
above described OHMS, is us@d as m% neutron swslilve eiemant ef a 
doeimeter 18. As diasrammatlcally depicted In Fig. 4, the ORAM 20 wlB 
typically be houaad in a holder 22 for p?Qtmtm% and to faciliate mmn^ng m 
a monitoring she or wearing of the doslmet^ on n pmsm moh m bf eiippng 
the holder to the user's clothes or by .dir.ect attaehment m th® umfs body. 
The holder may be mtilthBomponent holder inclydlnsi, fes" ewmpte. a mm 24 
for the ORAM do»meter element and a carrier 28 for tht cm». The mm 24 
should be opaque to light to avoid the possibility of non-neutron induced 
ra^nse In the OBAM dosimeter element. Depanding on the nature pf the 
hardware selected to writs' and read m d«tm©t©.r, the O.RAM dosifflater 
«!©ment may need to be rwnovibfi tern the saae md/or halcter for placement 
in the wrlte/i»ad equipment. The carrSsr msy Include a cfip or other 
attachment/wearing deviea. 



Hi9 ORAM doaimstpr demierrt 20 is pFepiare.ci for use by writing a bit at 
each irmmory locslipn is used for mutron dose mosni^ring. PreftrsiWy, all 
addressabis mBmory loeattons are wilttsn to fnajdmJzs the aentitivity the 
ORAM. OncB written the dosimeter dement may be ptaced in She hfMm 22 
and dtetributsd or pAsci^ for monHori ng exposure lo neutrons. E^or eacdmple, 
the dosimeter may f!>e worn by a person whose eotfieeure to neytrana ie to be 
monitored. The onm dosimeter wii! then be exposed to the eaft«e raitia^on 
as the pereon. After a preeertbed period of time, the doeimeter Is retrieved to 
that it may be read to extract therefrom radiation expoeure information. 

When neutron radiation Interacts vwih the hydrofien and eaition 
composing the OiiAIW maiterid, it will create eriergetie heavy ions. These 
heavy Ions wiil oauee an wror to appear In the ORAIM by local energy 
deposition in Ihe vicinity of the exited mobculs. The resulting temperature 
Increase erases the writtftm form of the molecule causing an error to occur in 
the form of a bit flip {a change of "1" to "0"). The measurable number of 
errors will be a function of end in principle proportjonal to the neutron dose. 
Accordingly, the absoited neutron dose can be calculated as a function of 
the number of rmawraMe errors. Absorbed do«s Is the prinMry physieel 
quantity used in r^dia^on doidmetry {often referred to sknpty as dose). 
Absorbed dose is defined .as the enorf y absorbed par unit mms from any kind 
of ionizing radiation In any kind of matter. 

The neutron Energy con be ealculiS!i@d from the structure of the im 
tracks Foduced within the ORAM. By way of analogy, different rssoil 
particles pfodtie® dWertnt trael? ^fmpm in gas tonimion chambers. Res. 6 
and 6 #»ow a signif te^nt Mimmet m Emulated track structure producfid by n 
5.00 keV recoil proton m compared to m -SO kev recoil C ion in gas, Th® 
distribution of the bit flips In the ORAM, .and mor® partlcuSarfy th® bit-lip 
den^ty distribution along the recoil charged partide tracks within the ORAM, 
will reveal the track atructure distributten of the ..secondary charged particles 
produced by neutron tnteracticms with the hydrogen and caiton atoms 
cort^Sing the ORAM. Aceotdlngty, th^ fynetional relstkinsWp bttweers the 
neutron energy and the spatial distributi,on ef bit H^s in the ORAM may tee 
s^ed to provide energy measurement. Once the energy b known, apptymg 
energy dependent quality factors provides the required dose equivalent The 



qjumtitv dos® siciuwalsifit Is us@d to allow for different ttologieal ®ffee1i¥®n©ss 
Of different Mnde of fadtaUon for radiiitton protection |ifur|>oeas^ Th« dose 
equivalent H m if^fined tha product of the ai»«Dfbad dose D and a 
dHnensionless fmt^f Q, wNch deptrids on the type of redtation. For gamms 
rays, X-rays, electrorts ssind posifirom, tiie value of tiro fpeility faWof is 1. For 
neutrons and heavy eharged pankles the njupjity fsKstor is ^ ^e rani^ of 2-2.0 
depending of the energy and type of parade. 

Algorithm developmem for a given ORAM dosinrnter etenMnt may be 
approached in a rnanner ji^miier to His method descilbed in Btoleti at al., "A 
Method of Obtaining Neutron Dose and Pose Equivulent From Digital 
Measurements and Analysis of ReeoiKPsrtiete Tracks", ijia^^ Phvaca. 53^, 
241-2S3 ^^9B7), which is hereby ineorporated herein by reference. A 
suitsble tdgorithm may cabulate the treok length L ofihe recoil event by 
considering the two cells mosf likely to contain the true endpolnts of the 
track, and the averaga diameter R of the track by performing three- 
d^nsional scannir^ lor bit-flip events in the nei^borhood of the track axis. 
B and L may then be used to unfold neutron dose equw atent usmg 
predetermined rale^iQnshipa. 

As wRI be appreciatsd by the raasfer, an Inproved neutnmn sen^tlvhy is 
achieved by several orders of msgi^tude taking advantage of the storage 
density of OHAM m the order of 10^' bfte/em* as compared to the storage 
density of 11/ biWcm^ for a conventbnid silicon based DRAM suggested in 
the literature far thermal oautron dosimetry. Moreover, ORAM, beirsg 
.eompcss^d of hydrogen and carbon artoms required lor mmon intsrastlprss, 
prmUm fcus squlvalens* while ©Kminating the nesd for m ^smtml alpha or 
protoii radiator often mpbyed in ?iei!tron 'ioslmetry. Alpha or proton 
radiators have the dissdvsntags of 'mcrmmn^ the dosimeter size and 
compifeating the dose reading Intiirpresation. 

Mhou^i the invmtion as thus f^ar despribsd has been in relation to 
neutron dosimetry, the principles of the kivention can also be appM to other 
types of radiation and. In general, h^h line^ energy transfer CLiTI radktlon 
such as protons, heavy ions, etc., end also to mtcrodoi^metry. As abo¥® 
discussed, neulront rad^on ^teractis with the hydrogen and esrbon of tfte 
ORAM material and ere«teg energetk' heavy Ions which G&m& locsl mmg^ 
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sJefWJsition. TW» local enargy ?fsp!S«tbn wlt{ aiso occur from titterisetion with 
other types of high UET radiiafton «uch as prsston and tmavy ton radlstion. 

in *act, the aNive described neutron doalmster may roqukfs « flftiK^ to 
block high LET partidas other than neutrt^s wher» there presence Is of 
algnificanice. For moat doslmetfie appNeationi on earth this will normaBy not 
be a pnAlem because pwrtona and heavy ions typlqatiy will not be present !n 
any significant quantity In most inBtanciiB. The simatloo Is d^ent in ppace 
applications wh«e high energy protpiii oonstitiitB the predominant form of 
high UET radiation. 

Accordingly, the above descrttied matiiodology, dostmetsr and 
equipment can be used to perform high LET radiation dosimetry mcluding, in 
particular, proton doslmstry. The only difference is that the incident radlatjon 
directly interacts with the ORAM material to effect localized heating rather 
than through crsgtlao of se&ondaiv pMicles that cauae loca^d heating as In 
the case of neutrons. In aithsr case, the resulting temperature incr^we 
erases the written form of the excited .mslecute csusfng a error to occur in the 
■ form of a bit flip as above described. Accordingly, the absorbed doss can be 
oeteyfated as a function of the number of m@asurabie errors, the high 
lET radiation energy can be calculated from iBie structure of the high LIT 
particle tfseiti produced whhin the ORAMo Moreover, the nature or specific 
form of these tracks may possibly be used to diserim^ete between different 
types of high LET radiation such between protons and neutrons. 

The io¥gntion can aisc be used to practice microdosimetry and, in 
doifi'g sc. owsroomes a fundamental probfsm that plagued earlier' 
microdoalmstry techniques. Miersdcslmstry requlrw measurement of Hie 
microMspl^ distribution of duse irt an ifradlated solid body. Knowledge of 
how a body absorbs radiation tocalty is important to research on the yological 
effects of absorbed radiation. A problem in the past was that measurements 
couldn't be made Inside the soSd body. Because of this, researchers wouid 
use conpuler aimuiitions dr hok at local effects in a gas and then 
extrapolate them to a solid body. 

The prt^ent invention enafatep measurement of the distribution of dose 
Inside a toSId and, in particular, a solid that Is tissue equhfalent. The radiation 



indueed "errors" can be rend and mapped ts provide a three-dlmensiona! 
pieturs of the radistlon dis^tbution inside the OfifiM. 

NewrsI networks urs Inf omwtipi? protestors iru!|»reet by the Nolof leaf 
neivous system. They ere computer-baeed eimuletion of fivlng n«tM«r«s k 
nerve ceil wftb aft of its prmpsBmh whfch wort? fundamentatty dit^rent than 
fioiwontionel computing. A neurat network has tiie eapabitity to i«arn from its 
own expsrieiioe. Neural mtwcffks have been pfm^en to b& pffitioMariy useftif 
for pattern racognftion applleatioiis. Boone J.i«I., Stgiilito and Shaber 
S.e., "Neural tietworke in radiology: An jntradUGtlon and evaluation In signal 
detection task", Med. Phys. 17, 234-241 ft 890). This feature makes the 
network particularly useful for determining the energy spectra based on the 
shape (microdoj^metric track s^ueture) of the parttqia tracks in the optical 
memory dement. A typical neural netMrk Is diestgnated generally by 
refsrenee numeral 30 in Fig. 7. The basic building block Is a node {artificial 
TOuron or prooesslng eiementL represented by the ciretss. 

Ae illustreted in Fig. 7, the network typHsally consists of an Input-layer 
of processing elementB 32, an output-layer of processing elements 33, and 
one or more hidden-layers of processing elements 34 and 30. Each link 
between the prasesiini elements, shown as straight iinee, carries a psrtlcutsr 
weight. The Inteiigenc® dI ttw network resides ki the values of these 
weights. In an asynchronous fashtors, each processing element computes the 
sum of preduets of the weight of each input line myftiplied by the .signal .level 
OR that input fine. If the mm of products sKeeeds a preset acttvaliaff) 
threshold, the o.u^ut of the processing dement typcafly Is gon^utisd using s 
.nonlinear funotton {s'^mid, for exampiel. iMmntog h achlwad throti^ 
ad^rstment of -the values of the wei{^ts. The value of wslghti are 
determined by presenting the network with "training material" In the farm 
a variety of input/output date pairs. During .smseesarve testbns through th@ 
trelning set, She weights are being continuously updated .by .e teaming 
algorithm sjntil the fiistwofk learns to as«ocl.ate bfstween the mput (the 
struetyre of & track) and the appropriate output fthe ®ne.rgy .spectrum}. 

Several importsartt features of neurd architectures dlstlngubh them 
from prkir art a^roaches. 



T. Ther? is Kttte or no wecsithfe fynqtion. There are only vwy 
simplii units each psfiomin^ 'm sum of produces c:atcul«tk)n. 
pmcsffistng element's task Is thus iknited to tmmvm the inputs from its 
neighbors and, us a to^km of these inputs, comfsuting an output value 
whieh It sends to ite nelahbdrs. Each processing elefiienft performs this 
catculstipn poriedksaliy. In paraliel with, but not synchronized to, the aetfvltles 
of my of its nelghboiii, 

a. All knowledge Is in the conneciions. Only wery short tirm 
storage can ©ceur In the states of the processing etetnentjs. Alt long tmn 
storege te represented by the vsluas of ihe connection strengths or "wi^lghts" 
between the processmg eiennents, ft is the ndes that establish these viteights 
tmd modify them for leamiog that primarily distinguish one neural rtetwork 
modal from awjother. All knowledge is thus impBdtly represented in the 
str«ngths of the oortneotfetn weights rather ttwn sjtplteHly eeprasented In the 
states of the processing elements. 

3. In oontrast to algorithmic eon^ulera and expert systems, the 
■goal of naurs! net teaming is nat the formulation of an algorithm or a set of 
explicit ryfes. Ditf ing learning, a neural network self-organlxes to establish 
the gtobei set of weights which win result In its output for a flyen input TOst 
olosefy eorsesponding to what it Is told is the eorreot output for that input, It 
is this adaptive eeciuisition of connection strengths that aHows a neural 
network to behave as if it knew the mles. Conventional computers exeel in 
applications whtr® the knowledge can be readily represemed in an explieit 
algorSthnn or m .explicit and complete .set of rules. Where this is not the eiae, 
conventbnal coiiipyters encounter great dif^culty. While eonve'ntional 
compters can estectite an algorithm much more rapkily than any human, they 
are ehallenged to match human perfonmmtoe in non-a^ortttmlc tasks such as 
pattern recognition, nearest ndghbor classifieation, and erring at the 
optimum solution when fuced with multipte simuttaneous eonstraints. If N 
ej«emplar patterns are to be searched in order to jclassify an unknown input 
pattern, an algorithmtc system can accomplish this task in approximately 
order N time, in a neurai network, all of the eamjitdate signatures are 
simultaneously rsprssented by the global set of connection weights of the 



srrtire system. A newal network thus aijm^msticaily mmm at the nearest 
ntrfghbor to the wnlriguous input In or^er 1 time as oppissed to order H time. 

Tffltnmg ml the mural network may be ^min various wayp Indudirtg, 
in particyter. the back-propflpirtien Isehnique, wMeh is ctescrtiaed in Oark, 
J,W., "Neurrf network modaitng", Phys. Med. HloL, m. 128^-1317 (1SS1), 
and Rumelhiirt, David E. m*A MeOBllend, Jmms L. "Parelfei OlsiF^uied 
ProeessSng", MIT Prate, 1036, Volume 1, both of whleh are N@r«by 
Insorporpted Iterdn by rafemnee. During net training, errors {{.«., the 
difference between the appropriate output for an exflfnplfir input and *s 
currant net output for that output} are propagated baekwanie from the output 
layer to the middte laver tor layira) and than to the input layer. These errors 
are utJrised at each layer by the irdning algorithm to naadjust the 
interconnaclion weights so that a futwe presantatbn of tha aKeraplar pattern 
mi result In the appropriate output cateoory. The beok-propagetton teaming 
algorithm is banad on Imst squares minirrOzstion of the network error defined 
as the dMrnmncB bn-tmBmn tha actual output and the desired output. 

In the pmmm applieatien of a neurtf network the Input of the training 
psirs »m th® parameters deseribing the strueturw of the partiels traeks and 
ths 0ytput Is -the energy spectra. Those param©lgr» may Inslud©, in 
partlcyar: Vfp9 of raooS partide, track length and track twdius. Other track 
parameters associated with the details of the microdoslmetrte il«Mia 
distribution within iAm track may be defined and in p utted . 

Th^ iripyt/oui^ut trainmg.sets as well as tMtt data are .generated using 
a Monte Carlo simulation technique. A three-dimanskin^ realistic shnuiation 
package is developed to oiMain detailed computer simulation of how high Lit 
particles are transported tirough the ORAM matatial. Tha simylstton package 
wtil be based on the formalism developed by Zeidw «t ei.^ wMeh Is dascribed 
in Zaider M., Bermer D J. isnd Wrison W.E., "The Application of Track 
Caleulatlone to RaciobiQleiv. i- Monte carlo Simulation of Proton Tracts", 
Bad. Bes. SS, 231-247 VWm). hereby incorporated herein by relemnce. The 
Monte Carlo simuiatbn is performed In titrate steps: {!) ganeration of the 
»ecks, including geometrical coordinatss of Interactian poinl^^ energy 
cleposftk»n and type oi.event; C2) gsneration of primary eleetrons rssuttlng 
from interaeion of the high LET parttote with ittw .medium; and (3) to 
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•Lamport elsetrom in the iwediym so slfmlate tte radial dose distribut!e« in 
jhB partlcfe track. The CBloulsiaonss can be appiisd to the ¥aristy of heavy 
ions types aind energies.. The Mom® Csrto resute are used to dey®tep ft® 
©rtergy discrlmirjation algortthm by trpirdng #ie nsyral network. ' 
5 The neural network and the Mcmte Carte simuteitioin are ImpSementsd 

m, for exam^e, a aON workstation or other suita|»li eomputinf deviee. 
mfitadiop eommerolally syirilable neufs«»$mputer Qceelsnii$or ^anJ®. 

0099 dlstiiljiitjoni! ttati be eelcytated for neyeral .radWefi typ®^ and 
erierpies using published data. Including 0.3-20 protons, §30 MeV '^Hs 

10 and 41 MeV '"O Ions. See Wmgate C.L. and Baum, J.W., "Measured Radial 
Oiatribution of Dose m4 LET for Alpha and Proton Beams in Hydrogen and 
Tissue-fciuivatent ©as", Bad- Res,, 06 1-19 {1i76i, Varma M.N., Baum J.W., 
and Kuehner A.V., "Radial Dose, LET, end W for "0 Ions in and Tlaeue- 
. equivalent Qaaas", Had, Bee. 70, 51 1 -51 8 (1 977); Wilson W.g., Metflng N.F. 

16 and Paretzke H.Q., -MicrodssimBtrlc Aspects of 0,3- to 20 MeV Proton 
Tracks". Rad. Rea. 115, 389-402 (1988), m4 Varma M.N. Paretzke H.Q., 
Baum J.W., Lyman J.T., and Howard J., "Doae aa a Rinetlon of Radial 
Pistance From a 930 M^V '^He ipn Beam", tn Proe. $th Symp» 
M!erodo$imetrv, Sept. 22-26, 197i (EUR 5452 d-e-f-). the track, in first 

» approJdmation oan be described as a oy^mdrieai-ehaped region of excltationa 
and loriizatlons. The radia! dose dlstrlbutiori within the track can he 
calculated based on pubSiMied »cperimental data in tissue equhfatent gas. To 
oaiciDate the simulated racial distance (r') and the radia! dose distribution D|r') 
in the PRAM rhaterlal, the following trffiisformation can be sppSed (see Varma 

3B at at. mpmy. 

T*~fmfp)pl^llB/pWom>J (II 

and 

wkwB Blp is the mass stopping power, p is the density and Z and A ars the 

50 atomic mms njmbsT of the target material, respectively. 

Next„ ifhe "bit-flfp" prob*lfity In mspmm to high LET pankles be 
t^fsuJateiS, Cm psrttcfe «nte«««;clng wkh thb OI-JAM mmmM mmm Ihe toeal 
tempsrature ti* fR«.rease, m m T@mlt ea^rgy riissipafioR. Prelsmmsry results 
hswe shown temperature increase of up to Si^C Inaide 1 MeV proton tracks. 



Mnos it is known that QMM ar© tsrapenaniF® ssiisitwe, this temperature 
fncreaso is expeotiad to ehanga tte infcirmstion originally written {cause "islt- 
ffip«") ' The amount and! apatid dtstrtbutitMi of thctaa brt>f tips san bs 
calculatad, a$ f oHows: { 1 ) QaUiulatioh of iha tan^ratura cTistfibinkin wHWn 

$ tha partieta tracks baaed on tha caloutaM d^sa dtatrHaviien, and (2) 

thaomtieat ansfytteal osiaulatton of M ^^butieet of "l3it-ftipa" a« a Ait$oli4»n 
of energy, tenfiperatur© and tima, it am be esatiimd liiat tha m»i!!b©r of "bSt- 
fBps" follows llrst order kinetica, i,e.: 

Nit) m N,|1^-«I 13) 

10 whara Nft) is tha number of "brt-flips" at tha tima t, ia tlie initial 
coneerdraliion of bha in ti« "raad" fomir and k ia tha rata constant. To 
oonsider the effaot of tamparatura on tha ra«e ©f bit transfonmailtm, tha 
Arrhemis rate equation ia uaed: 



IS whara A is a faotor wMeh Is only slightly famparature depandent and will be 
assumed to be constant, and S the dlffaranee m the anergy bstwaen the 
tw4> molTOular states. Calculsftens baasd on track structura theory fTST) tft 
predict the response @f 3-D ORAM to proton radiationi in the energy range 1-3 
MeV have been made. The rssults show that II) the probability of proton 
induced blt-llips h wp to thre® oi*rs of magntoda higher than the probablfsty 
of sp0ntaiwoug bii-fllps st room tenrperatuire, and the probabHity of room 
temperaiure ipontsnwus bit-fiiips iiot imHipad by radiationi .insraaaas as 
a function of time sinee the bits were wrttesn. 

The 3~D QHfM material that was studied, is composed of a 

2S potymethyimatNierylata (PPMAt matrix, that contains 1 % by weight 

spjrobenzopyren as photoehromic molacuia. Th® Bpmpfrm molaeyte can fee 
excHfid ffito .meroeyanlne Iwm by the mmMlm%mm iteorptisn ®f sifter a 
1004 nm photon and 632 inm photon^, or twa 532 nm photoRS. The 
merocyimne rooleeule is mmtM by absorptiEm of tw® 10@4 mn phetom 

80 f oiiov^ by de-escitiatiori and emission of red-shifted flusresrense, rswming 
to the spiropyi'^ lo/m. Equations {3) and 14} ware applied, using the 
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parameters ^van by Parthenopcmtos at si., supra, to caiculate the rate of 
e&nmrslon of the merocyaraSne form to spiropyran fofin. The valuse of ^ 
parameters A, and E, In I«|uation (4) wsr« calculated based on data given by 
Gardlund tt «d. GarcUund Z.B.. and Laverty J J„ "Poiyalkylmeihaerytete FMms 
s as Matricea for Photochron^e §t»jdS»s", ^owmal of Poiynwr Seiertce, Potynwr 
LBttera 7 719 mm. The change of the photodiremte moieeute 
i«pirob«n20pyraRl between m two iHomerio forma reeof ds a biMBp. The 
{nterjaotbn of ionlskig radlaitlon with the material ^11 sQuse bi^fllpi by 
eausing the transformation of the merocyanina form of the molecule back to 

ID its spiropyran form. The radiat distributions of the Wt-flip prodiabltrty afong 
the tracks of 1 and 3 MeV protons were cstculaced and compared to the 
background bit-flip probability Ibit-fKps that are not Induced by radiation). 
The theoretical cnlsuMms were applied to the eKperimantal results of 
Wingate at si, supra, who measured the radlei dose fSstribution for 1 and 3 

IS MeV protons In tissue-aquivalem gas. The radial temperetum Increasis steng 
the proton track was calculated using the heat capaeity of the material, and 
the radial dose distribution. 

The probability of radiation Induced bit-flip was eomparsd to the note 
Qf sh® systim, is., the probaWHty that a bit-llfp will occur spontaneoysly imt 

20 induced by radiation). The results olaarly demonstrate thst sffftlfleant 
radiation induced bit transformation probi^Hity Is predrettd. Th® radiation 
induced bit-flip probability can be by three orders of msgnttude higher than 
the probsbillty .of .spontaneous faft-fHp.. These probabilities arg ejcpected to 
increase with tha atomie number Z of the Incident partleie, wen for much 

23 higher energies typkel to space rgdlatlsn enviroiwnems. 

It Is axpBcted ^arefor® that s high LET drassmeter based on SP will bs 
sensitive to few dose tev&ls. A poteiitiaj problem was Identi^'ad whsra the 
prob^Hrty of room temperature spontaneous bit^flips (i.e. not induced by 
radiation) Incr^ses m a function of time since the bhe were recorded 

30 {facHngl. The room tampsreture fading seems to bs s limitation of the SP 
matf rial. It Is net a^pectad howavar that this Itmitatlon wiit pravent thie 
msfsfial from being used as a Wgh LET doarmater. A ORAM d^simeSer can in 
princlpie he thefmoeieetrbaHy coolad and used as passive intBgratfrig 
dosimeter even at elevated temperature. 



Other types af pihm>ehtomkt materials may be sslectad, as in an effort 
to mduos the fading «f fscts snd @Hmlnat9 any netd to IjNfrmoeiactileatiy stmt\ 
the mmml Other materfids ineludi photoehrQn^e futgieie, !Panaiefie|soutos, 
dt^A. and Rentzepie P.M., "two-Photon Volume infofmalion Storage In Doped 
s Potynr»r Syateim", J. Appt. Piiys. 68, 8S14-i81 5 11 990), and spyropyrsii 
an^ other nwleeules considered as eandntotes fer dpifcat 3D storage memory, 
su«sh as those desaHiad in MnMn J., Pvwnihev A.S., Straiits K.P.. and 
Rentzepie P.M., "Photochemletry »f Moleeutar Syaiteim for Optical 3D 
Storage Mensory", Res. Cham. in. 19, 1g9-lgS C19S3), which paper is hereby 
' 10 incorporated fierein by referanee. 

Referring now to Fig. 8, a spectrometer for measuring incident 
radJatbn. such as neutron radiation, is designated generaUy by rflference 
nunieral 40. The spectrometer 40 compriees an optical memory element 41, 
a laser assembly 42, a photedetector aasembty 4$ (including, for eKample. a 

13 phatodiode an^y, a CCD device, or the like}, a proctor 44 and associated 
coThputhig elemeriits such es ROM wid BAM, an Input device 45, a display 
46, and a oommunicalions port 47. Although not i^own, the specrtromaler 
includes otiner oonventional devices induding a powsf siqsply such as a 
battery with en optional oonneetioit to AC power if desired, and a housins 

2Q represented by broken linee 49 for eontainnig the various componants of the 
spectrometer preferably in e eonviact. lightweight and easliy carried package, 
Ths optical memory element preferably ts disposed in th© hswlng so m to be 
responswe to ths cediatloR to bm measured by the Spsetramrtw. An 
eraslng/resettirig dmlm. mich as m heating Btemmt, rosy also be prwtM for 

9s bulk (H'seyrn. 

The opi^cai memory element 41, iaser assembly 42 and phoiodetector 
assembly 43 funclion generally as described in the above releren@ad IHunter 
et at. paper vi^h describes a system for writing and reading ORAM. The 
read/write funei^ns of the isser and ^oitodeteetor assembles are controlled 

30 by the processor 44 thai imy iMt a conventionai programmable 

microproce^or of suitable t|^e. 7tm proceasior pretferabiy opemtes under 
m prsjgram tisat reads tine optical memory eleinertt preferably rsprtltivsly at a 
desired frequency t© eiitsin reJ time' roeasureiTient ©f ths ridla'don field bsinq 
monitored. The three dlmension«il data is processed by the processor, as 



through use .of s murai not, to .o^iri th® srwrgy .sp^ectrum lintensity v. 
energy), sbsofbed dose and/or snstr^y. pose ^quivjitem may b9 e«tlcul9t»(! 
from the sbsorbed cloee snd energy m abov9 liiicusssd, snd the doss 
equivsfent, absorbed dxmi and/or enof gy spf etrum may be d^played on the 

5 display 46. The procisssor also controls reserttine of the optical imrmry 
e/kmem as upon imltifitlon of a new seaming operate), whteh may be 
effected by pushing it start button of the input dev^ 4|i. Tbs display may 
be perbdlesfty or eontinuoualy ypdeted as rsdiatlon is ae^umiiiiitad. The do^ie 
rata and dose eciuivalent may atsp be provided. In this manner monitoring of 

10 neutron {or othetl radiatbn may be obtained, 

The spectrometer may be provided with one or more memory storage 
devices for atorina the measured radiation data. The stored data may be 
downtosded to other deuces as desired for further processing by 
convsntionsi device such as vie commfjHlicatkins port 47. Other output 

15 d&vje®s may be provided as desired such as a printer port for diraet printlns 
of data or other inforniation to « pHnter. The input device 45, for example, a 
keypad or iceybaard, is provided to provide a human/processor interface for 
Initiating commands, Inputting data, responding to Inquiries posed by the 
pracfssssor, etc. 

ao Befsrring now to Fig. 9, a real-time dosimeter for meMurIng ingldtrst 

radlstlon, such as neutron radiation, Is designated gemraliy by raferef^ce 
nymeFaf SO. Th^ doslraeter SO cnmpfmm m optica! memory element SI, a 
laser assembly S2, a phr, tr, f.^,rKri-o^ .^zw^^mbiy 63, a pi^eessor 54 snd 
wsociated cgmpytlng elements sweh m ROM and .RAM, an Input dsvies S5, a 

as display S6, m4 a communicatfons port 57. .Aifhough not shewn, the 

dodmstsr includes aihet conv^tional devices includinf a po.w@r supply sych 
m a batisry and a case represented by broken lines 48 f^r containing the 
various components of the dosimeter. The .do^meter preferably m of small 
mze and weight on the ardw of a common pager that may be easily carried In 

30 a pocket, worn on a belt, carried on a chain around one's neck. etc. The 
csptlcsl memory element p-aferably k dtepossd In lbs casing so as to bs 
responslva to the rjdiEtion to be moriitsrecl. 

The lasv assembly S2 necessarily mm fee- ^ miniaturized assembly 
using, for example, diode lasers of ^e type commonly used in compeet disc 
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player*, oriJie IBs*. Howavcir, *e optieiil Rifmnory e!sm»nt 51 , iasw assernbty 
62 and phetoeMecstor stisembiy 53 wouM stUI function gener^Iy 9s f{«scrib«d 
in the afeeye rfifer®n©jwl Hunter et si. paper whicb descraies a iystsm for 
writing and reiKlino ORAM. The read/wrHB functiona of the iii^sr and 
G plmmemsmt mmsnmB ars comrplteet by Ihs profKissor S4 Hist may be a 
epnv^timiBl prasrarnmable mieropr«Needser of any laultabla type. Tim 
pro9es80r praferabty eptralias untfar a proigFam n^stiiively reads the 
optioal mamory alament at a deairad fraquency to tAsteSsn reel time 
tneeeuremcnt of the radiation field bain|| mofiitored. The thrae dlmenatonal 

10 data is processed by the proeeseor, as tiiraugh use of a neural net. to obtain 
absorbed dose end energy. Dose equivalent may be eaicuiated from the 
absorbed dose and energy as above discussed, and the ealoirfated dose 
et|uivabnt, absorbed dose, dose rate aod/or energy (such as average energy) 
may be dtsplayed on the display 68. The prooaesor also controls periodic 

t« refreshing of the opUcBl memory element, whether after each read or 

otherwise, in this mariner red time monitoiing of neutron (or other] radiation 
"may be ssbtained. 

Ths dosimeter may be provided with one or more mmDry storege 
devfees fcr mtm'mq the manured radiatbn data. The stored data may be 

.20 downloaded to o^ier devices as desired for furttier proseming foy 

eorjventtonal devices msh m vie mmrmmm^s.am port 57. Ottier outpol 
devicas may to provided m dmm4 mch m a printer port for dlmct prlntsnf 
of data or ®th®r inf0rroatior6 to ® psinter. The input device 5i, whieh rosy be 
« keypad, is provided to provide a human/processor tntetf aee for inltlatlna 
oontfnands, inputting data, respOTtdtng to inquiries posed by the prooessor, 
etc. 

Although the invention has be«mi shown and described with respect to 
certain preferred embodimentji, equivaient attersUons and modifications wHI 
no doubt oocur to othera sidlied In the art upon the reading and understanding 
30 of this specification. Moreover, while a partlctriar fsati»e of the Invention has 
bmn described with respwit to only ana or less thiap i^i of the illustrated 
embodlmerits, such feaiture may be combined with one or more features of 
tits other embodiments, as may be desired and advantageous for any given or 
particular application. The present invention includes alt such equivalent 



alterations and modificBtjofiB, and is fimited only by the seope of the following 
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CUIMS 

1 . A high LET radiation doainiBtrv method! oomprfelng the steps of 
stoitog Informa^on In s thrate dfmenjilloAal optical memory elemsnt 

having a pturttity of msmory iooations by ejteitln« the memory kacatbns from 
a first energy stata to a second enargy state, 

exposing the optioaf memory etnmem to htgh LET radietteii to aHier lha 
information stored In the optictal memory alemjini: as a funistkm of tiie 
radiatbn to which th6 optica! meimiry element is exposed, the ejseitad 
memwy ioeations reverting from their isoond enerijy state to their first 
energy state through localised intaraefions between the radiation and 
molecules compoiing the opticai memory t^mnm., 

retrieving the altarest informaitbn from the optical memory slament for 
subsaqMent analysia by reading the mamory bca^s to determine the spatial 
distribution of th@ memory locatione that have reverted to their first energy 
state, 

analyzing the altered information retriewci from the op^ca! memory ' 
element to extract radiation dose information therefroro, said analysing step 
induding yting a neural rietworic computer apparatus for determining the 
rMMlm mmm as a fui^e^on of the spatial distribution of the memory 

loestlons that hsvs rwertsd to their first energy state. 

2. A methad ss me.t forth In claim 1, wherein tha optical memory 

element comprises ¥ '4t\m--4 ot h transparspt polymer dsped wltti a light 

3. A method m mt imth m oMm 2, whermn the light sBnsltive 
sh^micaf dopant is .spirobenzopyran, 

4. A method «ts sft imw in claim 1 , wherein said optic^a! meinGry 
device is substanti^ty eomposed of hydrogen and carbon. 

5. A method as set forth in claim 1 , wherein the retrieving step 
ineludee reading the memory locations to detenTsne the nundaer of #ie 
memory li^ai^oiis that have reverted to thejr first energy state, and the 
.analyzing step includes determining the radiation dose ss a fynetion ©f th® 
fiurr^er of the menpry Jocations Hiai hava reverted to their first energy mt®. 

8. A imthod as set forth h ot«m t , wherein the retHeying step 
Includes using two-photoh absorption to reed the memory locations. 
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7. A method as set forth in dahn 1, wheraln tin© storing step 
inclutles u^ng two-photon absorption to wrto the memory tooations by 
exciting them w Hitk secomi «nei]giy state. 

8, A method as set foiHi in claim 1 , wherein said high LET radiation 
is neutron radiation. 

8. A mslhod as aet forth in ctaim 1, wher«tn said hij^ LIT rafiaion 
is proton radiation. 

10. An apparatus oompriaing a three dimen^onal optical mareory 
eiemant haytng a plurality of memory tooationi that may be written from a 
firs* energy state to a second energy state, and which tnemory locatbrHt 
become attsred by reversion from their second en^gy state to their first 
energy state through localized mteractionB between IncidBnt radiation and 
moleeuies composing the optical memory element, m^ans for reading the 
optical memof y tlement to retrieve therefrom information altered through 
Interaction with inddeni radiafcn, means for analyzing the altered information 
r@tri0vad from the optical memory element to extract lacSation doae 
infarmation thergfrom, and means for displaying lh«'doee information 
extrectsd from the optica! memory element. 

11. A apparatus as set forth In eialm 10 wherein said tmnm for 
analyzing includes uping a neural network eompular apparatus for determining 
tha radiation energy as a functlen of the spatial distribution of thp memory 
locations that have reverted to their first ensfgy stats. 

1 2. An apparatus as set forth In claim 1 0, wherwn said mBsm for 
analysing includes means for determining both radiatktn .dose and m«rgy. 

15. An ap^rstutt Ihs set forth In ciwm 1 0, wher^n the optiaf 
memory element opmprises a volume of s transpamm gioiymer ddp@d with a 
light sensitiye chemical dopant molecule. 

14. An apparatus as set for* in claim 1 0, whmmn th« light genslliy© 
ciierrtical dop&rtt it spirobensopwsiiii- 

1 5.. An apparatus M set forty In daim 1 4, wtierain said optisal 
■memory device Is substanlis^ sompossd of hydrogen md ssrijon. 

1 6. A real thne do^meter eomprlatog the apparatus of eiiim 1 0, 
wherain the doss information is displayed on a real-time basis. 
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. 17. A spectrometer cmr^jTlsIng i*iB appwB^ 
radtation dose and energy ere di^ayed on i real-time basis. 
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